Introduction
B lymphocytes display the unique ability to mount antibody responses against invading pathogens. To achieve this function, they must capture external antigens and present them as peptide fragments loaded onto major histocompatibility complex class II (MHC-II) molecules to CD4 + T cells, which in turn provide the necessary signals for B cells to become fully activated (Mitchison, 2004; Avalos and Ploegh, 2014) . In vivo, B cells predominantly recognize and capture antigens tethered at the surface of other presenting cells by forming a transient polarized domain known as the immune synapse (IS). B cells use this platform to focus signaling networks as well as to recruit specialized molecules involved in antigen internalization and processing (Carrasco et al., 2004; Natkanski et al., 2013; Heesters et al., 2016) .
Early events of IS assembly, initiated by the B cell receptor (BCR) engagement with surface-tethered antigens, involve rapid actin cytoskeleton rearrangements, which act in concert with the microtubule network to promote the gathering of antigens toward the center of the synapse (Lin et al., 2008; Treanor et al., 2010; Harwood and Batista, 2011; Mattila et al., 2013) . Antigens are further internalized by the use of mechanical forces exerted by Myosin IIA at the synaptic membrane (Natkanski et al., 2013) or by enzymatic extraction, which relies on hydrolases released by the local secretion of MHC-II + lysosomes at the IS (Yuseff et al., 2011 . Analogously to observations made in cytotoxic T cells and natural killer (NK) cells, the recruitment of lysosomes to the IS of B cells is guided by repositioning of the microtubule-organizing center or centrosome (Stinchcombe et al., 2006; Stinchcombe and Griffiths, 2007; Orange, 2008) , where polarity proteins such as aPKC/Cdc42 and Par3 play a critical role (Yuseff et al., 2011; Reversat et al., 2015) . Thus, directional secretion at the IS enables B lymphocytes to perform effector functions and emerges as an interesting model to study polarized membrane trafficking.
To understand how lysosome secretion is coupled to centrosome repositioning, we hypothesized that this nonmembranous organelle could harbor effector molecules that regulate polarized membrane trafficking at the IS. A proteomic analysis from isolated centrosome fractions obtained from B cells (Obino et al., 2016) revealed that four subunits belonging to the exocyst complex, Sec3, Sec5, Sec8, and Exo70, were enriched at this level. The exocyst is an evolutionarily conserved hetero-oligomer comprising eight proteins: Sec3, Sec5, Sec6, Sec8, Sec10, Sec15, Exo70, and Exo84. This complex functions as an anchoring component to target secretory vesicles to precise domains of the plasma membrane, thereby promoting their local secretion (Zeng et al., 2017) . Initial observations in budding yeast revealed that silencing of different exocyst subunits generates defects in secretion (Novick et al., 1980; TerBush et al., 1996) . In polarized epithelial cells, the exocyst regulates vesicle trafficking to different membrane domains and is implicated in the assembly and stability of cellular junctions (Grindstaff et al., 1998; Lipschutz et al., 2000; Polgar and Fogelgren, 2018) . Recent reports also highlight additional cellular processes where the exocyst is involved, such as cell invasion, membrane protrusion, and autophagy (Spiczka and Yeaman, 2008; Liu et al., 2009; Bodemann et al., 2011; Thapa et al., 2012; Yamamoto et al., 2013) . Thus, the assembly of exocyst components within specific domains of the cell regulates a wide range of functions; however, the mechanisms that control its assembly and recruitment to membrane domains are poorly understood.
In this work, we used B lymphocytes to explore the role of the exocyst in polarized lysosome trafficking at the IS and associated mechanisms involved. Our work reveals that BCR engagement promotes the stabilization of the microtubule network associated to the centrosome. This acts as a cue to release centrosome-associated Exo70, thereby favoring its recruitment to the IS. Additionally, BCR stimulation triggers the activation of GTP exchange factor H1 (GEF-H1), which dissociates from microtubules upon activation and is involved in exocyst assembly. Accordingly, we show that GEF-H1 accumulates at the synaptic membrane of activated B cells and is required for the assembly of the exocyst complex. Both Exo70 and GEF-H1 are necessary to promote the stable docking and subsequent fusion of lysosomes at the IS, which facilitates the extraction and presentation of immobilized antigens. Together, these results unveil a mechanistic link between microtubule dynamics and spatial-temporal regulation of polarized lysosome secretion.
Results
BCR stimulation triggers the recruitment of exocyst subunits to the IS and complex assembly The interaction of B cells with immobilized antigens triggers the formation of an IS, where centrosome repositioning orchestrates the stable recruitment of lysosomes. To understand the molecular mechanisms behind this process, we searched for centrosome-associated proteins that could regulate lysosome trafficking. A proteomic analysis previously performed of isolated centrosomes obtained from activated and resting mouse B lymphoma cells (Obino et al., 2016) revealed that four of the eight exocyst complex subunits, Sec3, Sec5, Sec8, and Exo70, were found at this level and became increased within these fractions upon activation ( Fig. S1 A) . In agreement with these data, Western blot analysis confirmed that these subunits were found in centrosome-enriched fractions ( Fig. S1 B) . Two of the subunits found to be associated with centrosome fractions, Sec3 and Exo70, have been extensively studied in yeast and mammalian epithelial cells, where they bind the plasma membrane, acting as a landmark for the anchoring of secretory vesicles (He et al., 2007; Liu et al., 2007; Zhang et al., 2008; Baek et al., 2010) ; however, no studies have been reported on the localization and function of the exocyst complex in B cells.
Considering that we found exocyst subunits associated to the centrosome, an organelle known to guide lysosome recruitment to the IS, we sought to determine the role of the exocyst in lysosome trafficking in B cells. To evaluate whether these subunits were recruited to the synaptic membrane of activated B cells, we first performed immunofluorescence staining of endogenous Exo70 and HA-tagged Sec3 in resting and activating conditions, where B cells were activated with beads containing F(ab9) 2 anti-IgG, termed BCR ligand + . This system, previously used to mimic the interaction of B cells with immobilized antigen, creates a polarized contact site, hereafter refer to as IS (Batista and Neuberger, 2000; Yuseff et al., 2011 . Intriguingly, in resting B lymphocytes, Exo70 and Sec3 have different subcellular localizations. Whereas Exo70 displayed discrete perinuclear localization consistent with a centrosomal association, Sec3-HA was distributed within vesicular structures, which partially colocalized with the lysosome marker LAMP-1 ( Fig. 1 A and Fig. S1 , C and D). Although we cannot rule out that overexpression of Sec3-HA could lead to its mislocalization, these Sec3 + vesicular structures could correspond to compartments that cofractionate with the centrosome, where endogenous Sec3 was detected by immunoblot ( Fig. S1  B) . Noticeably, upon activation, both subunits are recruited to the IS, as confirmed by calculating their polarity indexes (a measurement of their proximity to the IS; Figs. 1 A and S1 E; Materials and methods). This process occurred concomitantly with the recruitment of LAMP-1 + lysosomes ( Fig. 1 A) . As both proteins have phospholipid-interacting domains (Dong et al., 2005; Hamburger et al., 2006; He et al., 2007; Liu et al., 2007; Moore et al., 2007) , we analyzed whether they could be detected in purified synaptic membranes isolated from activated B cells. For this, B cells were activated with BCR ligand + magnetic beads for indicated times, and synaptic membrane fractions (bead-associated complexes) were isolated by magnetic interactions and their contents analyzed by immunoblot (Larghi et al., 2013) . We detected an activation-dependent accumulation of LAMP-1, Exo70, and Sec3 in synaptic membranes isolated from B cells, whereas the cytosolic protein GAPDH was not detected (Fig. 1 B) . We next evaluated whether the exocyst complex was assembled during B cell activation. For this purpose, Exo70 was immunoprecipitated from resting and activated B cells for different times, and association of other subunits was detected. Our results show that several components of the exocyst coimmunoprecipitated with Exo70 after 60 min of activation and significantly decreased after 120 min ( Fig. 1 C) , indicating that B cell activation is associated with the transient assembly of the exocyst complex. Overall, these results highlight how BCR engagement triggers the local recruitment of Exo70 and Sec3 at the IS and, concomitantly, the assembly of the exocyst complex. or activating (BCR ligand + ) beads for 1 h at 37°C. Cells were fixed and stained for endogenous Exo70 (green) and LAMP-1 (red) or transfected with Sec3-HA and stained for HA (green) and LAMP-1 (red). White circles and dashed lines indicate bead position and cell boundaries, respectively. Blue arrowheads on inset point to LAMP-1 + Sec3 + spots at the IS. Scale bar: 3 µm. Right: Quantification of Exo70 or Sec3 polarity indexes toward the IS. Data are shown as box-and-whisker plots. The ends of whiskers represent the 10th and 90th percentile. Unpaired t test; ****, P < 0.0001; Exo70 polarity index was calculated from n ≥ 39 cells from three independent experiments; Sec3, from n ≥ 26 cells from two independent experiments. (B) B cells were stimulated with BCR ligand + Dynabeads for the indicated times, and synaptic membranes were isolated containing BCR-associated protein complexes, followed by Exo70, Sec3, LAMP-1, and GAPDH detection by Western blot. Representative of two independent experiments. (C) Exo70 immunoprecipitation (IP) assay to detect the formation of the exocyst complex in B cells activated for indicated times. Representative of four independent experiments.
The centrosome-associated pool of Exo70 diminishes upon activation Our results show that in B cells, Exo70 is found within centrosome fractions and is recruited to the synaptic membrane upon activation. To further characterize the recruitment of Exo70 to the IS, we determined whether its subcellular localization correlated with the positioning of the centrosome and lysosomes, which are both mobilized to the IS upon B cell activation (Yuseff et al., 2011) . For this, B cells were incubated for indicated times with BCR ligand + or nonactivating beads containing F(ab9) 2 anti-IgM, termed BCR ligand − . Immunofluorescence staining of endogenous Exo70 together with the centrosome confirmed that Exo70 was concentrated closely to the centrosome (Fig. 2 A) , whereas no significant staining was detected at the plasma membrane, contrasting with observations made in other cell types (He et al., 2007; Liu et al., 2007; Oztan et al., 2007; Ma et al., 2016) . A similar distribution of Exo70 was observed in primary B cells isolated from mouse spleens ( Fig. S2 A) . Noticeably, we observed that upon BCR engagement, Exo70 was mobilized to the IS together with the centrosome (Fig. 2 A) . Accordingly, polarity indexes calculated for Exo70 and the centrosome confirmed their co-recruitment to the IS upon activation with BCR ligand + beads ( Fig. 2 B) , displaying a very strong correlation ( Fig. 2 C) . Of note, polarization of Exo70 and the centrosome was not observed in B cells stimulated with nonactivating beads ( Fig. 2 A, lower panel), demonstrating that this process relies on BCR engagement. In addition to the previous observations, we noticed that the amount of Exo70 associated with the centrosome of B cells decreased concomitantly with its polarization to the IS (Fig. 2 A) . Quantification of the concentration of Exo70 around the centrosome, and its colocalization with centrin during B cell activation, suggested that Exo70 became dissociated from the centrosome upon activation (Fig. 2 , D and E). Consistent with this observation, fractionation of B cells on a "membrane flotation" density gradient revealed that BCR stimulation triggered a redistribution of Exo70 from higher to lower density fractions, which contained a bona fide membrane marker (LAMP-1), suggesting that Exo70 shifts from a microtubule-associated fraction to membrane compartments upon B cell activation ( Fig. S2 C) . Thus, lower levels of Exo70 at the centrosome correlate with its accumulation at the synaptic membrane ( Figs. 1 B and S2 B ), suggesting that BCR stimulation triggers the mobilization of Exo70 from the centrosome to the IS.
Accumulation of Exo70 at the centrosome is regulated by microtubule dynamics
We next searched for mechanisms that could control the association of Exo70 with the centrosome during B cell activation. Exo70 has been shown to directly interact with microtubules and the actin branching complex Arp2/3 (Wang et al., 2004; Zuo et al., 2006) . We therefore explored whether the subcellular distribution of Exo70 relied on the integrity of the microtubule network or actin cytoskeleton, which also accumulates at the centrosome of B cells (Obino et al., 2016) . No significant effects in the distribution of Exo70 were observed when disrupting the actin cytoskeleton using Latrunculin A (Fig. S3, A and B ).
However, in the presence of paclitaxel, a microtubule-stabilizing drug, we observed a drastic change in the distribution of Exo70, which was no longer confined to one spot (i.e., the centrosome) and adopted a more disperse localization throughout the cytoplasm ( Fig. 3 A) . Quantitative analysis showed a significant decrease in the accumulation of Exo70 within a defined area (Materials and methods) when the microtubule network was stabilized by paclitaxel. No significant effect was observed in nocodazole-treated cells, where Exo70 remained accumulated at the nonpolarized centrosome (Fig. 3, A and B) . Noticeably, upon activation, paclitaxel-treated B cells showed a marked accumulation of Exo70 at the site of engagement with antigen-coated beads ( Fig. 3 A, middle panel), suggesting that the interaction of Exo70 with the microtubule cytoskeleton was preventing this subunit from becoming associated with the synaptic membrane.
Given that enhanced stabilization of microtubules uncoupled Exo70 from the centrosome, we hypothesized that changes in tubulin stability triggered upon B cell activation could act as a signal to dissociate Exo70 from the microtubule network, thereby allowing its recruitment to the IS. To investigate this possibility, we evaluated two parameters that could indicate increased microtubule stability at the centrosome in resting and activated B cells: (1) the amount of microtubules associated at the centrosome and (2) tubulin acetylation, a posttranslational modification associated with microtubule stability (Westermann and Weber, 2003) . Imaging analysis revealed that activated B cells displayed an increase in the density of microtubules at the centrosome (Fig. 3 C) , which correlated with higher levels of acetylated tubulin in this region ( Fig. 3 D) . Accordingly, we also detected an increase in acetylated tubulin by Western blot analysis, which was highest after 30 min of activation, at which time the centrosome is polarized at the IS (Fig. 3 E) . Noticeably, by enhancing microtubule acetylation using suberoylanilide hydroxamic acid (SAHA), an inhibitor of histone deacetylase 6 (Zhang et al., 2003; Fig. S3 C), we also depleted Exo70 from the centrosome ( Fig. 3 F) . Overall, these results reveal that the association of Exo70 with the centrosome is regulated by microtubule stability, which is enhanced upon BCR stimulation.
GEF-H1 interacts with Exo70 during B cell synapse formation and is required for assembly of the exocyst complex
Having shown that microtubule stability regulates the subcellular localization of Exo70 in B cells, we next searched for potential regulators of the exocyst and focused on the rho activating factor GEF-H1, known to dynamically interact with microtubules and promote exocyst assembly upon activation (Krendel et al., 2002; Birkenfeld et al., 2008; Pathak et al., 2012) . Interestingly, inactive GEF-H1 is found associated with microtubules, from which it is released upon activation, where it interacts with exocyst subunits and RhoA to promote exocyst functions (Krendel et al., 2002; Birkenfeld et al., 2008; Pathak and Dermardirossian, 2013) . Similar to Exo70, our results show that in resting B cells, GEF-H1 accumulates at the centrosome, from which it decreases upon BCR engagement ( Fig. 4 A) . This result correlates with the dephosphorylation of GEF-H1 in Ser885 ( Fig. 4 B) , a modification needed to achieve its active state (Meiri et al., 2012) . Additionally, we observed that BCR engagement triggered the accumulation of GEF-H1 at the synaptic membrane as well as its association with Exo70 and Sec5, a known binding partner for GEF-H1 ( Fig. 4 , C and D, respectively). Thus, these results suggest that GEF-H1 could be involved in exocyst assembly during B cell activation. To this end, we silenced the expression of GEF-H1 in B cells by shRNA ( Fig.  S3 D) and evaluated the formation of exocyst complexes upon BCR stimulation. Our results show that GEF-H1-silenced B cells display unaltered recruitment of Exo70 toward the IS (Fig. S3 E) but fail to assemble the exocyst complex, normally observed within 60 min of BCR stimulation ( Fig. 4 E) . Collectively, these results suggest GEF-H1 is activated and accumulates at the IS upon BCR engagement, promoting the assembly of the exocyst complex.
The stable recruitment of lysosomes at the IS relies on Exo70
Having shown how Exo70 is targeted to the IS upon BCR stimulation, we next investigated whether it played a role in the recruitment of lysosomes within this domain. For this purpose, we silenced the expression of Exo70 in the B cell line by shRNA ( Fig. S4 A) and focused on the functional implications that the pretreated with DMSO, paclitaxel, or nocodazole for 1 h and activated with BCR ligand + beads for the indicated times. Exo70 (red), LAMP-1 (green), and F-actin (blue). Insets highlight the IS area. Scale bar: 3 µm. (B) Scheme depicting quantification of Exo70 MFI as a radial profile in a 3-µm radius area from the brightest point of Exo70. Graph represents the MFI of Exo70 within the first 0.7 µm of the graph, plotted for DMSO-, paclitaxel-, or nocodazole-treated cells. ****, P < 0.0001; two-way ANOVA with Sidak's multiple comparison test; n ≥ 80 cells from two independent experiments. (C) Microtubule accumulation at the centrosome was quantified in resting or 60-min-activated B cells. n ≥ 31 cells per time point from three independent experiments. ***, P = 0.0006; unpaired t test; n ≥ 31 cells from two independent experiments. (D) Left: B cells were seeded on poly-L-lysine or BCR-ligand + coated coverslips for 60 min. Acetylated tubulin (green), α-tubulin (red), and F-actin (phalloidin, magenta). Scale bar: 3 µm. Right: Quantification of the centrosomal acetylated tubulin. **, P = 0.0032; unpaired t test; n ≥ 49 cells from two independent experiments. Error bars are mean ± SEM. (E) B cells were activated as described in D. Top: Acetylated tubulin levels were deficiency of Exo70 could have on lysosome tethering and fusion at the synaptic membrane. Lower levels of the LAMP-1 marker were observed in synaptic membranes isolated from Exo70silenced B cells compared with controls, suggesting that Exo70 is required for the fusion of lysosomes at the IS (Fig. 5 A) . To evaluate this phenotype further, we performed image analysis in which B cells were activated with BCR ligand + beads and stained for CEP55 and LAMP-1 to label the centrosome and lysosomes, respectively ( Fig. 5 B) . Calculated centrosome and lysosome polarity indexes ( Fig. S4 B) indicated that Exo70-silenced cells did not present defects in repositioning of the centrosome toward the IS (Fig. 5 C) . However, polarized lysosome recruitment evaluated by Western blot. Bottom: Quantification of acetylated tubulin levels normalized by total tubulin levels. (F) Z-projections of confocal images of B cells seeded for 30 min on BCR ligand + coated coverslips and then treated with paclitaxel 20 µM or SAHA 1 µM for 30 min. Exo70, green; α-tubulin, red; F-actin (phalloidin), magenta. Scale bar: 3 µm. to the IS was impaired in Exo70-silenced cells ( Fig. 5 D) , which was particularly evident at later time points where lysosomes stably accumulated at the antigen-bead contact site in control cells but to a lesser extent in Exo70-silenced cells. Accordingly, the percentage of lysosomes that accumulated around the BCR ligand + bead was significantly lower (Figs. 5 E and S4 C). Thus, we conclude that Exo70 is required for the stable recruitment of lysosomes at the IS of B cells.
Exo70 regulates lysosome tethering and secretion at the IS of B cells
We next evaluated whether Exo70 was directly involved in tethering lysosomes at the IS. For this purpose, we imaged the cell juxtamembrane region of B cells in contact with immobilized antigen by confocal microscopy. Control and Exo70silenced B cells were seeded onto antigen-coated slides for 60 min, fixed, and labeled with LAMP-1 to analyze the distribution of lysosomes at this interface ( Fig. 6 A) . Activated B cells present a radial distribution of lysosomes at the synaptic membrane, where they are highly concentrated at the center of the synapse, previously described as the secretory domain in NK and cytotoxic T cells (Stinchcombe et al., 2001) . In contrast, Exo70-silenced B cells displayed disorganized lysosomes that did not coalesce at the center of the IS (Fig. 6 B) , suggesting that lysosome dynamics was altered in these cells. To confirm this observation, we used total internal reflection fluorescence (TIRF) microscopy to track lysosome dynamics in control and Exo70-silenced cells attached to antigen-coated dishes. 3-minlong movies were acquired, and lysosomes labeled with Lyso-Sensor Green were followed in the evanescent field ( Fig. 6 C and Video 1). Interestingly, lysosomes from Exo70-deficient cells present highly dynamic behavior compared with control cells, displaying a faster mean velocity, longer trajectories, and lower dwelling times at the synaptic membrane ( Fig. 6 D) , suggesting that they were unable to stably attach to the synaptic membrane.
Thus, our findings strongly suggest that Exo70 is required to promote the tethering of lysosomes at the IS upon activation of B cells with immobilized antigen. Given that tethering is a prerequisite for docking and fusion of secretory vesicles, we decided to directly assess the role of Exo70 on lysosome secretion at the IS. Control and Exo70-silenced cells were incubated with beads containing BCR ligand + coupled to CypHer5E, a dye whose fluorescence increases at acidic pH (Milasta et al., 2005) . This method has been previously used to measure local pH acidification at the IS in B cells, which correlates with local exocytosis of lysosomes (Yuseff et al., 2011) . Consistent with the above results, we observed that Exo70-silenced cells displayed a decrease in fluorescent signals at the interface between B cells and CypHer5E-coated activating beads, indicating a defect in lysosome secretion at this level (Fig. 6, E and F) . Altogether, our data suggest that Exo70 promotes the tethering of secretory lysosomes at the synaptic membrane, which is critical for their fusion at the IS. The exocyst is required for the extraction and presentation of immobilized antigens by B cells Silencing the expression of proteins that regulate polarized lysosome secretion at the IS of B cells dramatically affects their capacity to extract and present immobilized antigens in vitro (Yuseff et al., 2011; Reversat et al., 2015) . We therefore investigated whether analogous defects were observed in Exo70silenced cells. For this, antigen extraction was first evaluated by measuring the fluorescence signal of ovalbumin (OVA) remaining on activating (BCR ligand + ) beads after their interaction with control or Exo70-silenced cells. Indeed, higher levels of OVA were detected on beads interacting with Exo70-silenced B cells in comparison to control cells ( Fig. 7 A) , suggesting that antigen extraction was impaired. Importantly, no major differences in BCR surface levels were observed between control and Exo70-silenced cells (Fig. S4 D) , suggesting that defects in antigen extraction did not result from impaired activation or interaction with antigens. We then tested whether the decreased capacity of Exo70-silenced cells to efficiently extract immobilized antigens also had an impact on their ability to present such antigens. For this, we incubated control and Exo70-silenced cells with beads coupled to a specific BCR ligand together with the Lack antigen from Leishmania major. The ability of the cells to present MHC-II-peptide complexes derived from bead-associated Lack to a specific T cell hybridoma was then measured by monitoring IL-2 secretion by activated T lymphocytes. As expected, presentation of bead-associated Lack antigen to T lymphocytes was strongly impaired in Exo70silenced cells (Fig. 7 B) . Importantly, no defects were observed in the presentation of the Lack peptide by these cells, indicating that silencing of Exo70 does not have an impact on B-T cell interactions. Noticeably, silencing Sec3 and Sec8 also led to impaired antigen extraction and presentation ( Fig. S5 ), suggesting that Exo70 probably acts in concert with other exocyst components to regulate the extraction and presentation of immobilized antigens. Finally, considering that GEF-H1 is critical for exocyst assembly during B cell activation, we evaluated whether GEF-H1-silenced cells also had defects in antigen extraction and presentation. Indeed, our results show that GEF-H1-deficient cells are unable to efficiently extract and present immobilized antigen (Fig. 7, C and D) , which most likely results from impaired lysosome fusion as evidenced by the lack of LAMP-1 + rings in activated B cells silenced for GEF-H1 (Fig. 7 E) . Collectively, these data reveal how exocystdependent tethering and fusion of lysosomes at the IS play critical roles in regulating immune effector functions of B cells at the IS.
Discussion
The molecular mechanisms that orchestrate the delivery and secretion of lysosomes within precise domains of the plasma membrane remain largely unknown. We provide insight to this process by revealing that BCR engagement (a) enhances microtubule acetylation, releasing Exo70 from the centrosome to allow its recruitment to the IS, and (b) activates GEF-H1, which promotes the assembly of the exocyst complex, thereby regulating the local recruitment and secretion of lysosomes at the synaptic membrane (Fig. 8) .
Assembly of the exocyst in B cells is very dynamic and peaks upon 60 min of activation, which correlates with our imaging analysis showing that lysosomes are stably docked at this time. After longer times of activation (120 min), we observed the formation of a LAMP-1 + ring, suggesting that fusion has taken place and the exocyst is probably no longer required. Considering the timeline of events leading up to lysosome fusion, we suggest that Exo70 assembly promotes lysosome tethering and might quickly disassemble. We propose that this could be required to recycle exocyst subunits required to extract other antigens in subsequent synapses formed by B cells.
In resting B cells, Exo70 mainly accumulates at the centrosome, while Sec3 is partially associated with lysosomes. However, both subunits reach the synaptic membrane upon activation and become assembled into a complex upon BCR engagement. Although we do not know exactly where the exocyst complex is being assembled, it is possible that exocyst assembly could take place at the synaptic membrane or within the membrane of lysosomes recruited at the IS, as reported in a yeast model (Bendezú et al., 2012) . Additionally, we cannot rule out that exocyst subcomplexes are being formed upon BCR engagement; however, recent studies support the idea that the exocyst functions as a stable holocomplex (Heider et al., 2016) , which coincides with our results, as we did not detect subcomplexes associated with Exo70.
In agreement with our findings, reports on NK cells have shown that Ral-GTPases A and B, known effectors of the exocyst, promote granule secretion at the IS and thereby regulate NK cytotoxicity (Sánchez-Ruiz et al., 2011) . While B cells do not undergo classic granule secretion to promote the killing of target cells, as NK or cytotoxic T cells do (Stinchcombe et al., 2006; Jenkins et al., 2009) , they secrete lysosomes at the synaptic interface to facilitate the extraction of antigens, particularly those presented on rigid substrates (Natkanski et al., 2013) . By mediating the initial contact between secretory vesicles and the plasma membrane, the exocyst also has an impact on SNARE assembly, which is required for vesicle fusion (He and Guo, 2009; Heider and Munson, 2012; Wu and Guo, 2015) . This is highlighted by the fact that Sec3 and Sec6, part of the exocyst complex, are able to modulate SNARE assembly at the membrane of yeast (Morgera et al., 2012; Shen et al., 2013; Yue et al., 2017) . In B cells, defective lysosome secretion generated by silencing the SNARE protein Vamp7 also impairs the extraction and presentation of immobilized antigens (Obino et al., 2017) . Whether Exo70 and/or other subunits of the exocyst complex interact with Vamp-7 to promote the docking of Vamp-7 + vesicles at the IS shall be further explored.
B cells display a large pool of Exo70 tightly associated to the centrosome, which is sensitive to microtubule dynamics. Stabilization of microtubules surrounding the centrosome is enhanced upon BCR engagement, which acts as a signal to deplete Exo70 from the centrosome, thereby promoting its accumulation at the synaptic membrane. Intriguingly, while microtubule density at the centrosome is increased by B cell activation, actin has been reported to decrease at this level (Obino et al., 2016) . . Impaired antigen extraction and presentation in Exo70-silenced and GEF-H1 silenced cells. (A and C) Antigen extraction assay. Top: Representative epifluorescence images of control and Exo70-silenced (A) or GEF-H1-silenced (C) cells incubated with BCR ligand + beads coupled to OVA for the indicated times. Cells were fixed and stained for OVA (red) and LAMP-1 (green). Images are shown as Z-projections of a stack. Insets highlight the remaining OVA fluorescence intensity on the bead. Scale bar: 3 µm. Bottom: Quantification of OVA fluorescence intensity remaining on beads. Values were normalized by the initial fluorescence. *, P < 0.05; ***, P < 0.001; ****, P < 0.0001; two-way ANOVA with Sidak's multiple comparison test; Exo70: n ≥ 59 cells from two independent experiments; GEF-H1: n ≥ 73 cells from three independent experiments. (B and D) Antigen presentation assays. Top: Antigen presentation assay with control and Exo70-silenced (B) or GEF-H1-silenced (D) cells. Bottom: Peptide control for the cells used. Mean amounts of IL-2 are shown for a Actin depletion allows the detachment of the centrosome from the nucleus and thereby promotes its polarization to the IS; however, actin-depolymerizing drugs did not affect the centrosome-associated pool of Exo70. This result was unexpected, considering that Exo70 has been tightly associated with actin and can directly interact with the Arp2/3 complex to promote actin branching independently of the other exocyst subunits (Liu et al., 2012) . However, considering that the Arp2/3 complex is also recruited to the IS upon B cell activation, we cannot exclude that interactions between Arp2/3 and Exo70 might coordinate actin cytoskeleton remodeling at the synaptic membrane, analogously to what occurs during lamellipodia formation at the leading edge of migrating fibroblasts (Liu et al., 2012) . Whether potential actin rearrangements promoted by Exo70 at the IS are coupled to Myosin II activity to generate puling forces that contribute to antigen extraction should be explored. Exo70 has also been reported to interact with microtubules and can inhibit microtubule polymerization in vitro (Wang et al., 2004) . Thus, it is tempting to speculate that the subcellular localization of Exo70 can balance the interplay between microtubule and actin cytoskeletons, inhibiting the polymerization of microtubules to favor actin enrichment at the centrosome. Stabilization of the microtubule network near the centrosome triggered by B cell activation is promoted by increased acetylation. This posttranslational modification can regulate microtubule-dependent trafficking in diverse cells types by controlling centrosome repositioning or restricting kinesin-dependent vesicle movements (Bhuwania et al., 2014; Dubois et al., 2017) . Thus, acetylation of microtubules triggered upon B cell activation could coordinate the accumulation of lysosomes at the centrosome with Exo70-dependent lysosome fusion at the synaptic membrane, thereby enabling the spatial-temporal control of lysosome fusion within a defined region of the plasma membrane.
How are changes in microtubule dynamics coupled to the assembly of the exocyst complex in B cells? We show that the rho activating factor GEF-H1, which is associated with the microtubule network and is required for exocyst assembly in other cell types (Pathak et al., 2012) , accumulates at the IS and promotes the assembly of the exocyst complex upon B cell activation. Interestingly, GEF-H1 has been described as a regulator of immune effector functions. In neutrophils, GEF-H1 enables shear stress-induced transendothelial cell migration to inflamed tissues (Fine et al., 2016) , and in macrophages, recognition of nucleic acids by RIG-I-like receptors triggers GEF-H1 dissociation from microtubules to enhance antiviral responses (Chiang et al., 2014) . Intriguingly, higher extracellular matrix stiffness leads to the activation of GEF-H1 in epithelial cells (Heck et al., 2012) . Thus, the rigid nature of the substrate in which antigens are presented in our assay might act as a costimulatory signal to release GEF-H1 from microtubules and promote exocyst-dependent proteolytic antigen extraction instead of force-mediated antigen extraction. In contrast to epithelial cells, where activation of GEF-H1 is dependent on microtubule depolymerization, our data show that its activation is coupled to the stabilization of microtubules (Birukova et al., 2010; Heck et al., 2012) . Additionally, BCR downstream signaling could enhance GEF-H1 activation, given that phosphorylation dependent on extracellular signal-regulated kinases in Thr678 promotes its guanine nucleotide exchange activity (Jacob et al., 2002; Fujishiro et al., 2008; Kakiashvili et al., 2009) .
How does Exo70 interact with the synaptic membrane? In yeast and mammalian epithelial cells, both Sec3 and Exo70 bind representative of three independent experiments performed in triplicate for Exo70-silenced cells, two independent experiments for GEF-H1-silenced cells. ***, P = 0.0006; ****, P < 0.0001; two-way ANOVA with Sidak's multiple comparison test. Error bars are mean ± SEM. (E) Representative images of lysosome recruitment to antigen-coated beads in control and GEF-H1-silenced cells. **, P < 0.01; ***, P < 0.001; two-way ANOVA with Sidak's multiple comparison test; n ≥ 93 cells from three independent experiments. Figure 8 . Scheme depicting how the recruitment of the exocyst at the IS is regulated. In resting conditions, Exo70 is mainly associated to the centrosome and inactive GEF-H1 to microtubules. BCR engagement enhances microtubule acetylation surrounding the centrosome, which releases Exo70 allowing its recruitment to the IS, and activates GEF-H1, which promotes the assembly of the exocyst complex to support local lysosome fusion at the synaptic membrane. Asterisk indicates that the localization of Sec3 and the site of exocyst assembly complex remain to be elucidated. APC, antigenpresenting cell. to the plasma membrane by interactions with the phospholipid phosphatidylinositol 4,5-bisphosphate (He et al., 2007; Liu et al., 2007; Zhang et al., 2008; Baek et al., 2010) . This interaction relies on a patch of basic residues at the carboxyl and amino termini of Exo70 and Sec3, respectively (Dong et al., 2005; Hamburger et al., 2006; He et al., 2007; Liu et al., 2007; Moore et al., 2007) . Although we cannot rule out that direct binding to phospholipids enriched at the synaptic membrane may contribute to the stable attachment of Exo70 within IS, spatial and temporal control of exocyst-mediated secretion also relies on polarity complexes and rho GTPases. For instance, in COS1 cells, Cdc42 directly interacts with Exo70, promoting the exocyst complex assembly required for phagosome formation (Mohammadi and Isberg, 2013) , and is an essential regulator of B cell polarity (Yuseff et al., 2011) . Furthermore, recent observations made in epithelial cells showed that Exo70 can bind directly to the polarity complex protein Par3 at cellular junctions of the plasma membrane, a process that supports local membrane delivery and epithelial cell survival (Ahmed and Macara, 2017) . Accordingly, lysosomes are not efficiently docked at the IS of Par3silenced cells (Reversat et al., 2015) , which could be explained by the failure of these cells to recruit Exo70 to the synaptic membrane. In agreement with these results, TC10, a GTPase known to target Exo70 to the plasma membrane (Pommereit and Wouters, 2007; Dupraz et al., 2009; Fujita et al., 2013) , was recently shown to be required for B cell responses in vivo: TC10 knockout mice show defects in IgM responses and germinal cell formation (Burbage et al., 2017) . Thus, polarized targeting of the exocyst complex by the concerted action of polarity proteins and GTPases emerges as a key mechanism to regulate B cell activation.
Overall, our work reveals that Exo70 acts as a landmark for lysosome secretion at the IS and is therefore critical to promote the extraction and presentation of immobilized antigens. We propose that the centrosome of B cells acts as a hub that focuses specialized cellular machinery, which is mobilized to the IS upon antigen engagement and is used to regulate membrane trafficking at this level. Our results bring forward novel mechanistic insight on how BCR engagement triggers changes in microtubule dynamics to orchestrate the recruitment of effector molecules at the IS. We predict that Exo70 and/or other components of the exocyst complex could also modulate key trafficking events required for target cell killing or cytokine secretion in other cells of the immune system.
Materials and methods

Mice, cells, and cell culture
The mouse IgG + B-lymphoma cell line IIA1.6 (Jones et al., 1986; Lankar et al., 2002) and the LMR7.5 T cell hybridoma that recognizes I-A d -Lack 156-173 complexes (Malherbe et al., 2000; Le Roux et al., 2007; Vascotto et al., 2007) were obtained from A.-M. Lennon-Duménil. The cells were cultured in CLICK medium (RPMI 1640 with Glutamax supplemented with 10% heatinactivated FBS, 0.1% 2-mercaptoethanol, 100 U/ml penicillin, 100 µg/ml streptomycin, and 1 mM sodium pyruvate). HEK 293T cells were cultured for lentiviral production in DMEM supplemented with 10% FBS and penicillin/streptomycin. All cell culture products were purchased from Life Technologies. Spleen B cells were isolated from C57BL/6 mice using a magneticactivated cell sorting B cell isolation kit (Miltenyi) according to the manufacturer's instructions. All animal work was reviewed and approved by the Institutional Scientific Ethics Committees for Animal and Environmental Care and Research Biosafety, Pontificia Universidad Católica de Chile (protocol number 170709007).
Antibodies
The following primary antibodies were used for immunofluorescence: rat anti-LAMP-1 (BD Biosciences; #553792, 1:200), rabbit anti-CEP55 (Abcam; #ab170414, 1:500), rabbit anti-Exo70 (Abcam; #ab95981, 1:200) , rabbit anti-HA (Abcam; #ab137838, 1: 500); rabbit anti-GEF-H1 (Abcam; #ab155785, 1:200), rat anti-αtubulin (Abcam; #ab6160, 1:500), rabbit anti-acetyl-α-tubulin (Lys40; Cell Signaling; #5335, 1:200), rabbit anti-OVA (Sigma-Aldrich; #C6534, 1:500), and Alexa Fluor 546-conjugated goat anti-mouse IgG (Thermo Fisher Scientific; #A11018, 1:200). The following secondary antibodies were used: Alexa Fluor 488-, Alexa Fluor 568-, Cy3-, and Alexa Fluor 647-conjugated F(ab9) 2 donkey anti-rat and Cy3-conjugated F(ab9) 2 donkey anti-rabbit (Jackson ImmunoResearch; 1:200); and Alexa Fluor 488conjugated goat anti-rabbit (Thermo Fisher Scientific; 1:200). F-actin was stained using Alexa Fluor 546-or Alexa Fluor 647conjugated phalloidin (Life Technologies; #A22283 and #A22287, respectively, 1:200). For Western blot, the following antibodies were used: rabbit anti-γ-tubulin (Abcam; #Ab11317, 1:1,000); mouse anti-actin (clone C4, ImmunO; #691001); rabbit anti-pGEF-H1 (Ser885; clone E1L6D, Cell Signaling; #14143); rabbit anti-LAMP-1 (Cell Signaling; #C54H11, 1:1,000), rabbit anti-Sec3 (Proteintech; #11690-1-AP, 1:1,000), mouse anti-Exo70, anti-Sec5, anti-Sec6, and anti-Sec8 antibodies (clone 13F3, 1.1, 9H5, and 8F12, respectively), provided by C. Yeaman. As secondary antibody, HRP-conjugated donkey anti-mouse, anti-rat, or anti-rabbit (Jackson ImmunoResearch; 1:5,000) was used. For immunoprecipitation, we used the mouse anti-Exo70 mAb (clone 13F3, 1:200) .
Plasmids
The eGFP-Centrin1 plasmid was obtained from M. Bornens (Institut Curie, Paris, France). The Sec3-HA plasmid was kindly provided by P. Chavrier (Institut Curie, Paris, France). Plasmid expression was achieved by electroporating 2 × 10 6 B-lymphoma cells with 2 µg of plasmid using the Amaxa Cell Line Nucleofactor Kit R (L-013 program; Lonza). Cells were incubated in CLICK medium for 16-20 h before analysis.
Lentiviral production and infection
The shRNAs used to silence the IIA1.6 B cells were purified from Mission shRNA Bacterial Glycerol Stocks (Sigma-Aldrich): shRNA Exo70 A TRCN0000366721, shRNA Exo70 B TRCN0000366722, shRNA Sec3 A TRCN0000127656, shRNA Sec8 A TRCN0000298307, and control shRNA SHC016. GEF-H1 shRNA bacterial glycerol stock was purchased from Open Biosystems (Dharmacon): TRCN0000109985. Lentiviruses were produced by transfection in a 1:2.5:3 ratio of the envelope (pVsVG), the packaging (pPAX-2), and shRNA-encoding plasmids in 293T cells with FuGene HD Transfection Reagent (Promega). Silencing efficiency was confirmed by Western blot as described below. IIA1.6 cells were infected by 24-h incubation with viral supernatants. After 48 h, puromycin selection (5 µg/ml) was performed, and cells were assayed 72 h later.
Reagents and drugs
The Lack antigen was produced and purified from bacteria through histidine tag purification with Ni-NTA agarose beads (Invitrogen), and the Lack peptide (aa 156-173) was synthetized by PolyPeptide Group. CypHer5E was purchased from Amersham Bioscience and used according to the manufacturer's instructions. For cytoskeleton-disrupting drugs, we used 10 µM nocodazole, 5 µM Latrunculin A, and 20 µM paclitaxel (Merck). For histone deacetylase inhibition, we used 1 µM SAHA (Cayman Chemical Company).
Preparation of BCR ligand-coated beads 4 × 10 7 3-µm latex NH 2 beads (Polyscience) were activated with 8% glutaraldehyde (Sigma-Aldrich) for 4 h at room temperature (Batista and Neuberger, 2000; Yuseff et al., 2011; Yuseff and Lennon-Dumenil, 2013) . Beads were washed with PBS and incubated overnight at 4°C with different ligands: 100 µg/ml of either F(ab9) 2 goat anti-mouse IgG (BCR ligand + beads) or F(ab9) 2 goat anti-mouse IgM (BCR ligand − beads; MP Biomedical) in combination or not with 100 µg/ml of the L. major antigen Lack or 100 µg/ml of OVA.
B cell stimulation and immunofluorescence
Cells were plated on poly-L-lysine-coated slides and stimulated with indicated beads at a 1:1 ratio (cell/beads) for indicated times at 37°C and fixed in 4% paraformaldehyde for 10 min at room temperature. For acetylated tubulin staining, cells were fixed with microtubule buffer (60 mM Pipes, 25 mM Hepes, 5 mM EGTA, 1 mM MgCl, 0.1% Triton X-100, and 0.5% glutaraldehyde, pH 7) for 15 min on ice. Fixed cells were incubated for 60 min with primary antibodies and 60 min with secondary antibodies in PBS-BSA-saponin (1×/0.2%/0.05%). Coverslips were mounted on slides using Fluoromount G (Electron Microscopy Sciences).
Immunofluorescence image acquisition and analysis
Epifluorescence microscopy images were acquired using a 63×/ 1.4-NA oil-immersion objective on an Eclipse Ti microscope (Nikon Instruments) equipped with a iXon Ultra EMCCD camera (Andor) and operated by NIS-Elements Advanced Research imaging software. Confocal images were acquired using an inverted microscope FV1000 (Olympus) with a 60×/1.35-NA objective or an inverted spinning disk confocal microscope (Roper/ Nikon) with a 60×/1.4-NA oil-immersion objective. Image processing was performed with Fiji (ImageJ; National Institutes of Health) software. Single-cell images shown in the figures were cropped from large fields, and their contrast and brightness were manually adjusted using ImageJ.
Polarity analysis
Centrosome, Exo70, and LAMP-1 polarity indexes were calculated as described previously (Reversat et al., 2015) . Briefly, using the macro, we manually selected the bead and the cell area from which the cell and bead center were extracted (Bead C and Cell C , respectively). Then z-stacks were projected from which, for discrete staining (Centrosome and Exo70), we manually selected a coordinate representing the localization, and for the lysosomes, the center of mass of the LAMP-1 staining was obtained (Label C ). The distance between Label C and Cell C was projected on the Bead C -Cell C axis by multiplying by the cosine of the angle described by Label C -Cell c -Bead C . The polarity index was calculated by dividing the projected Cell C -Label C distance by the Cell C -Bead C distance. The index ranges from −1 (antipolarized) to 1 (fully polarized).
Lysosome recruitment
Accumulation of lysosomes at the IS was quantified by measuring the LAMP-1 fluorescence intensity in a concentric circular area closely surrounding the bead (3.5 µm) and normalized by the whole cell LAMP-1 fluorescence intensity. The radial distribution of lysosomes was calculated by measuring the LAMP-1 mean fluorescence intensity (MFI) in concentric rings of 2% increasing steps starting from the bead and normalized by the whole cell LAMP-1 MFI.
Local accumulation of Exo70, α-tubulin, or acetylated tubulin First, a circle with a 3-µm radius was drawn around the area of interest (the centrosome or the brightest Exo70 MFI). Next, the area delimited by the fluorescence intensity decrease <70% fluorescence of Exo70 (0.7 µm), α-tubulin (0.5 µm), and acetylated tubulin (0.5 µm) was determined in a radial distribution profile, starting from the center of the circular area on resting cells (Obino et al., 2016) and was used to quantify MFIs of different labels in activating conditions or in the presence of drugs used to perturb the cytoskeleton. The MFI for Exo70, α-tubulin, or acetylated tubulin obtained in the z-projection of the three planes above and below the intensity peak was compared with the MFI of the whole cell. Because methanol fixation required for γ-tubulin was not compatible with the Exo70 staining, the centrosome was stained with antibodies directed against α-tubulin, and images were processed (fluorescence intensity threshold) to visualize the centrosome, as described previously (Obino et al., 2016) .
TIRF microscopy
TIRF microscopy was performed on a Nikon Eclipse Ti inverted microscope equipped with a 100×/1.49-NA oil-immersion objective and a Quantem512SC Roper electron-multiplying CCD camera at 37°C/4.5% CO 2 . Exo70-silenced or control B cells were stained with LysoSensor Green DND-189 (Life Technologies; #L7535) and attached on BCR ligand + -coated 35-mm dishes (Fluorodish) at 37°C. After 30 min, images were acquired with MetaMorph software and analyzed using ImageJ. The Track-Mate v2.8.1 plug-in from Fiji (Schindelin et al., 2012) was used to follow trajectories from LysoSensor Green-stained lysosomes.
Antigen-extraction assay OVA and BCR ligand were coupled to beads in equal concentrations. Cells incubated in a 1:1 ratio with antigen-coated beads were plated on poly-L-lysine slides for different times at 37°C, fixed, and stained for OVA. The amount of OVA present on the beads was calculated by measuring the fluorescence intensity of a fixed area around beads in contact with cells from a 3D projection of a z-stack (Fiji).
Antigen presentation B cells were incubated with Lack ± BCR ligand + beads or preprocessed peptide for 2-3 h. Cells were washed with PBS, fixed in ice-cold PBS/0.01% glutaraldehyde for 1 min, and quenched with PBS/100 mM glycine. B cells were then incubated with Lack-specific T cell hybridoma in a 1:1 ratio for 4 h (Yuseff et al., 2011; Yuseff and Lennon-Dumenil, 2013) . Supernatants were collected, and IL-2 cytokine production was assessed with the BD optEIA Mouse IL-2 ELISA set following the manufacturer's instructions (BD Biosciences).
Centrosome purification
After stimulation with BCR ligand + beads for 60 min, cells were incubated on ice with 200 nM nocodazole and 1 µg/ml cytochalasin D for 60 min. Cells were washed with TBS (10 mM Tris-HCl and 150 mM NaCl, pH 7.4) and resuspended on TBS 0.1× + 0.8% sucrose. The cells were lysed by adding 1:3 lysis buffer (1 mM Hepes, 0.5% NP-40, 0.5 mM MgCl 2 , and 0.1% 2-mercaptoethanol, pH 7.2). The lysate was centrifuged at 10,000 rpm for 10 min at 4°C, and the supernatant was recovered. Centrosomes were isolated by sequential centrifugations at (a) 10,000 g for 30 min at 4°C on top of a 60% wt/vol sucrose cushion (10 mM Pipes, 0.1% Triton X-100, 0.1% 2-mercaptoethanol, and 60% sucrose, pH 7.2) and (b) 40,000 g for 60 min at 4°C on top of a discontinuous sucrose gradient (40-50-70%, wt/vol). Finally, 12 fractions of 0.1 ml were recovered from the bottom of the tube, and centrosome-containing fractions were identified by Western blot.
Centrosome-associated proteomic analysis
Centrosomes were isolated from resting and activated IIA1.6 cells previously cultured in media containing 1 µg/ml heavy [13C 6 ] or light [12C 6 ] L-lysine as previously described (Gogendeau et al., 2015; Obino et al., 2016) . Proteins extracted from centrosome-rich fractions were separated on 10% SDS-PAGE gels (Invitrogen) and processed according to the protocol described previously (Obino et al., 2016) . The corresponding peptides were extracted and analyzed by nano-liquid chromatography/tandem mass spectrometry using an Ultimate 3000 system (Dionex S.A.) coupled to a LTQ-Orbitrap XL mass spectrometer (Thermo Fisher Scientific). Data were acquired using Xcalibur software (v2.0.7), and the resulting spectra were analyzed via Mascot software (v2.3) with Proteome Discoverer (v1.2; Thermo Fisher Scientific) using the SwissProt Mus musculus database (Obino et al., 2016) .
Stable isotope labeling with amino acids in cell culture (SILAC)-based protein quantification was performed as previously described (Obino et al., 2016) , where peptides extracted ion chromatograms were retrieved from Proteome Discoverer. Scale normalization computed using the package limma from R software was applied to compensate for mixing errors of the different SILAC cultures as described (Yang et al., 2002) . Protein ratios were computed as the geometrical mean of related peptides. To estimate ratio significance, a t test was performed with a Benjamini-Hochberg false discovery rate control threshold set to 0.05.
Membrane flotation experiments
Membrane flotation experiments were based on the protocol described by Yeaman (2003) and Yeaman et al. (2004) . 10 × 10 6 cells were seeded in BCR ligand + -coated 6-well plates for indicated times, stopping the activation by adding ice-cold PBS. The cells were centrifuged and resuspended in homogenization buffer (20 mM Hepes-KOH, 90 mM KOAc, 2 mM Mg(OAc) 2 , and 0.25 M sucrose, pH 7.2). The cell suspension was mechanically lysed through an ice-cold ball-bearing homogenizer. The lysate was centrifuged at 3,000 g, and the supernatant was mixed with iodixanol (Optiprep) to 30% (vol/vol). Lysates were subjected to a discontinuous gradient of 10-20-30% (vol/vol) of iodixanol and centrifuged at 353,000 g for 3 h at 4°C, and the fractions were collected and stored at −80°C.
Synaptic membrane purification
Synaptic membrane isolation was based on the protocol described by Larghi et al. (2013) . 5 × 10 6 B cells were activated in 300 µl of CLICK + 2% FCS containing BCR ligand + Dynabeads (Invitrogen) in a 1:1 ratio (cell/bead) for indicated times. Activation was abruptly stopped by adding 500 µl of ice-cold PBS, and the cells were centrifuged at 600 g for 5 min at 4°C. The cells were resuspended in 500 µl of freeze and thaw buffer (20 mM Tris-HCl, 600 mM KCl, 20% glycerol, 1 mM Na 3 VO 4 , 5 mM NaF, and protease inhibitors cocktail, pH 7.4) and lysed by seven cycles of freezing and thawing at −80°C. Lysates were incubated for 10 min with Benzonase (Merck) at room temperature followed by 500-µl freeze and thaw buffer washes using a magnet for precipitating the synaptic membrane-Dynabeads complex. Finally, the membrane was resuspended on loading buffer, and fractions were analyzed by Western blot.
Immunoprecipitation of Exo70 10 × 10 6 IIA1.6 cells were seeded on BCR ligand + -coated plates for different times. Activation was stopped by adding cold PBS and then lysed with lysis buffer (25 mM Hepes, pH 7.4, 100 mM KCl, 10 mM MgCl2, 1% NP-40, 1 mM NaF, 1 mM Na 3 VO 4 , and protease cocktail inhibitors [Roche]). 800 µg of cell lysate was precleared with protein A-coated agarose beads (Thermo Fisher Scientific) and incubated with Exo70 antibody-coated agarose beads at 4°C overnight. Samples were washed three times with lysis buffer and resuspended in loading buffer.
Western blot B cells were lysed at 4°C in radioimmunoprecipitation assay buffer supplemented with protease inhibitor cocktail (Roche). Supernatants were collected and loaded onto gels and transferred onto polyvinylidene fluoride membrane (Trans-Blot Semi-Dry Transfer Cell; Bio-Rad). Membranes were blocked in 5% nonfat dry milk resuspended in TBS + 0.05% Tween-20 and incubated overnight at 4°C with primary antibodies, followed by 60-min incubation with secondary antibodies. Western blots were developed with Westar Supernova substrate (Cyanagen), and chemiluminescence was detected using the G:BOX iChemi (Syngene).
Measurement of cell surface levels of BCR by flow cytometry 0.5 × 10 6 control and Exo70-silenced IIA1.6 cells were incubated on ice for 20 min with PBS plus 3% BSA supplemented with Alexa Fluor 488-conjugated anti-mouse IgG (Thermo Fisher Scientific). Cell surface BCR levels were assessed by flow cytometry (FACSVerse; BD Biosciences).
Statistical analysis
Boxes in box plots extend from the 25th to 75th percentile, with a line at the median and whiskers extending from the 10th to the 90th percentile. Data are generally reported as mean ± SEM (except when specified) and analyzed by Student's t test or oneor two-way ANOVA using GraphPad Prism 5 (GraphPad Software). When using analysis of variance, post hoc analysis was done using Sidak's multiple comparison tests. All statistical analysis was considered significant at P < 0.05. Fig. S1 shows the centrosomal localization of exocyst subunits, colocalization analysis of Sec3 and Lamp-1, and a scheme depicting the method used to quantify centrosome polarization to the IS. Fig. S2 shows the localization of endogenous Exo70 in primary B cells, the image analysis of Exo70 recruitment to the IS, and the membrane flotation assay used to characterize the association of Exo70 with membrane fractions in resting and activated B cells. Fig. S3 shows the effect of cytoskeletondisrupting drugs in B cells, the effect of paclitaxel and SAHA on the microtubule acetylation in B cells, silencing of GEF-H1, and normal polarization of Exo70 to the IS under these conditions. Fig. S4 shows the silencing of Exo70 in B cells, schemes depicting the method used to quantify lysosome distribution, and the effect of Exo70 silencing on surface BCR levels. Fig. S5 shows the silencing Sec3 or Sec8 in B cells and associated functional effects. Video 1 shows TIRF images used to track lysosomes dynamics in control or Exo70silenced cells.
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